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Abstract 
With the aim of improving water quality, the Iowa Nutrient Reduction Strategy 2014 sets a goal 
of reducing agricultural non-point-source generated nitrogen load by 41 percent and phosphorus 
load by 29 percent in Iowa’s waterways. The “strategy” describes several land use that could 
achieve those reductions, such as widespread adoption of conservation practices in farming, land 
retirement, and wetland restoration that can meet the specified target reduction. The goal of the 
current study is to identify the range of ecosystem benefits resulting from the conservation 
practices associated with each of these scenarios and apply a nonmarket valuation method to 
monetize as many of these co-benefits as possible. The results will inform policymakers and 
stakeholders regarding the efficiency of the program. 
 
 Economic Valuation of Ecosystem Benefits from Conservation Practices Targeted in Iowa 
Nutrient Reduction Strategy 2013: A Non Market Valuation Approach 
Introduction  
Following the Environmental Protection Agency’s recommendation, Iowa is the first state in the 
nation to develop a strategy paper to reduce nutrient loads through waterways to the Gulf of 
Mexico. The Iowa Nutrient Reduction Strategy 2013 sets a goal of reducing agricultural 
nonpoint source generated nitrogen (N) load by 41 percent and phosphorus (P) load by 29 
percent in the waterways across 21 million acres of cropland in Iowa. The strategy paper 
evaluates the cost and performance of various agricultural conservation practices with different 
nitrate N and P load reductions. It develops several example cost scenarios incorporating various 
combinations of nutrient reduction practices, such as widespread adoption of conservation 
practices by farmers (reduced fertilizer application rate, adoption of cover crops, reduced tillage, 
and buffers etc.), land retirement, and wetland construction that can meet the specified target 
reduction. Out of these, three scenarios are predicted to achieve the targeted reduction of 41% N 
and 29% P. Table 1 presents these example scenarios, the agricultural conservation practices 
included under each scenario, and the estimated yearly implementation costs.  
In addition to water quality improvement in Iowa and downstream waterbodies, the nutrient 
reduction practices will also offer a number of co-benefits through additional ecosystem services 
such as soil health improvement, greenhouse gas (GHG) emission reduction benefits, and 
wildlife habitat. However, the Nutrient Reduction Strategy (NRS) paper does not estimate the 
benefits and co-benefits to be derived with water quality improvement through implementation 
of the NRS. The valuation of these benefits and ecosystem services associated with proposed 
practices is the primary objective of this study. 
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A science-based systems approach to address the nutrient over-enrichment in waterways 
requires an understanding of both the costs and benefits of nutrient reduction technologies and 
implementation strategies. The estimation of the benefits and ecosystem services from the 
nutrient reduction practices is challenging since most, for example, soil health and water quality,  
are not routinely bought and sold.. This study uses economic tools of nonmarket valuation to 
estimate the benefits of water quality improvement that would result from the various nutrient 
reduction strategies. The co-benefits through additional ecosystem services are also included to 
the extent possible. We use primary data sets collected specifically for lake valuation purposes 
by Iowa State University, as well as by using benefit transfer methods, to assess these benefits. 
Ecosystem Services from Nutrient Reduction Strategy 
The benefits of reducing nutrient loads in Iowa’s surface water include: improved water 
clarity, growth control of algae that negatively affect water-based recreation, minimization of 
dissolved oxygen that is problematic to aquatic biological diversity, and minimization of 
contamination occurrences in drinking water supplies. In addition to these water quality benefits, 
the nutrient reduction practices may offer a number of ecosystem services including increased 
opportunities for water-based outdoor recreation, aesthetic value, drinking water provision, 
wildlife recreation, improved soil quality, flood control, reduced global warming, biodiversity 
and endangered species protection, and pollination services.  
We first evaluate the nutrient reduction practices to establish a link among agricultural 
conservation practices, changes in ecosystems, and resulting ecosystem services. We include six 
nutrient reduction practices in the evaluation because the example scenarios in the NRS 
   3 
 
 
 
particularly focus on these practices: maximum return to nitrogen rate (MRTN), wetland 
construction, cover crops, reduced tillage, buffers, and land retirement. A lit review on the 
agronomic and environmental effects of each practice is conducted. Other practices that are very 
effective in reducing nutrient transport to waterways (such as bioreactors, controlled drainage, 
application of nitrification inhibitor, and sidedressing) are not included in the review since their 
effects on the ecosystem, other than through improved water quality, is limited. An appendix 
with the review is available from the author upon request. The literature review suggests that 
each of the conservation practices results in multiple ecosystem services, mainly through reduced 
nutrients and reduced sediment transport into the lakes, streams, and rivers, reduced soil erosion, 
and sequestration of carbon from the atmosphere. We identify several final ecosystem services 
including water quality improvement, enhanced soil fertility, carbon sequestration and reduced 
greenhouse gas emission, pollination habitat, biodiversity, and enhanced wildlife habitat that 
would result from implementation of the suggested conservation practices.  
Following Keeler and Polasky (2012), figure 1 presents a schematic depiction of how the 
ecosystem components respond to the agricultural conservation practices. Note that the link and 
pathways are established based on the literature review mentioned above. The relationship is 
complex. Some practices affect the ecosystem both through direct and indirect channels. For 
example, conservation tillage retains more crop residue which helps reduce soil erosion and 
improves soil quality by retaining topsoil. Reduced tillage further increases soil organic matter 
and reduces compaction which improves soil health. Similarly, wetlands contribute to 
biodiversity and endangered species protection by creating both wildlife habitat and pollinators’ 
habitat. The last two columns in figure 1 (titled “ecosystem services” and “economic valuation”) 
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indicate the link between the ecosystem services and human welfare, and show how the effects 
of the ecosystems on human welfare can be measured.  
Methodology for this Study  
The direct local benefit of reduced N and P load under Iowa NRS is improved water quality 
in Iowa waterbodies, which will offer a number of ecosystem services. To derive the monetary 
value of benefits from water quality improvements, we will consider three use values- recreation 
opportunities, residential housing near the lakes, and drinking water purification cost. 
Additionally, we evaluate three co-benefits generated from nutrient reduction strategies: (a) 
offsite benefits from reduced soil erosion, (b) enhanced wildlife habitat, and (c) greenhouse gas 
emission reductions.  
There are a number of additional ecosystem services that we are unable to quantify and 
monetize. For example, land retirement and wetland construction will have a positive impact on 
biodiversity and pollination but the magnitude of these effects is not known. Other examples of 
such excluded benefits are flood control, groundwater recharges, and non-use values of various 
ecosystem improvements. Finally, we do not attempt to quantify or monetize the on-farm 
benefits of conservation practices. For example, the agricultural conservation practices may 
affect soil productivity and result in higher crop yield. We exclude those benefits from this 
valuation exercise since those are private benefits, and the focus of this study is exclusively on 
external benefits.  
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Quantification of benefits from improved water quality  
In the first step, we estimate the change in environmental effect, such as improved water 
quality, that is attributable to the adoption of new conservation practices. Next, we value these 
changes using nonmarket valuation methods. These valuations have been done using information 
from primary data sets collected specifically for valuation purposes (Iowa Lake Valuation 
Project, Iowa State University) as well as by using benefit transfer methods. 
The Iowa Lakes Valuation Project is a large, multiyear project which collects a rich set of 
information on Iowans’ lake visitation patterns and preferences, as well as demographics.1 The 
survey has been administered five times in total, once in each of the four consecutive years 2002-
2005, and again in 2009.2 The second data set covers the usage and value of water quality 
improvements in Iowa’s rivers and streams. Both of these data sets provide significant cross-
sectional coverage of usage patterns. The values from these two data sets have been linked to 
estimates of water quality changes from a third dataset collected by the Limnology Lab at Iowa 
State University.3 The surveys were designed to complement a lake database that includes water 
chemistry, biological analysis, and watershed geographic information systems data for 131 
principal recreation lakes in Iowa. This combined effort resulted in detailed information on both 
the biological condition of Iowa lakes and the value and use of water quality improvements at 
                                                 
1 Please see http://www.card.iastate.edu/lakes/ 
2 The sixth round of the survey is conducted in 2014, and the data is currently under processing and 
review. We could not use those for the analysis in this report. 
3 Please see http://limnoweb.eeob.iastate.edu/minireport/ 
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those lakes. This data has been used to fit revealed preference models to estimate the benefits of 
reduced nutrients in this lake system.  
A third source of information used to monetize the environmental benefits associated with 
water quality improvements is a meta-analysis on the value of clean water (Je, Kling, and 
Herriges, 2013). The value function from this study is utilized with the data set on biological 
conditions of Iowa lakes to assess the lake-specific hedonic value of water quality improvements 
assuming water quality is a housing amenity. Finally, this willingness to pay measure for water 
quality improvements is combined with housing counts across all of Iowa’s lakes to estimate the 
benefits of reduced nutrients translated into lake-adjacent housing prices. 
Another welfare change from water quality improvement will come through reduced 
drinking water purification cost. To understand the implied benefits of nutrient reduction on 
municipal drinking water treatment cost, we exploit production and cost information from the 
state’s largest water treatment facility, Des Moines Waterworks (DMWW), as a case study. We 
relate DMWW’s source water quality with production cost data to calculate the potential savings 
from the reduced nutrient abatement requirement for the safe drinking water supply. 
Quantification of benefits from reduced soil erosion 
Many of the conservation practices will reduce soil erosion. We estimate the benefits 
from reduced soil erosion following a benefits transfer exercise. In most of the cases, the transfer 
of benefits is drawn from studies conducted in Iowa. However, in a few cases, we had to rely on 
studies in similar sites, e.g., Corn Belt or Midwestern states. A brief review of the relevant 
studies is included in the appendix. First, we estimate how many acres of land will be treated by 
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a specific conservation practice under each scenario. Next, based on the agronomic and 
environmental literature review, we draw a relevant low and high number on yearly soil erosion 
reduction rates from per acre adoption of that conservation practice. The formula to derive yearly 
total reduced soil erosion from a specific practice j is the following: 
Reduced Soil Erosionj = Treated Acresj ∗ Rate of Soil Retentionj,        (1) 
where rate of soil retention is measured as tons per acre per year. The lower bound on soil 
retention rate for each of the agricultural conservation practices- the fall in soil erosion due to 
adoption of an acre of cover crops, reduced tillage, land retirement, and buffers- are adopted 
from RUSLE estimates based on Iowa.4 The data is of high quality since it (i) uses actual land 
use data from 2006-2010 across all of the major land resource areas (MLRA) in Iowa, (ii) 
considers distance of cropland from waterbodies to adjust for the sediment delivery ratio. The 
data on soil erosion is on the low side since the model estimates soil erosion for the most 
conservative practice scenario compared to the baseline. 
To assign a monetary value we adopt Hansen and Ribaudo’s (2008) benefits measures of 
dollar-per ton soil for the Corn Belt region. The authors split the measure across 14 specific 
categories that benefit from reduction in soil erosion. Their dollar-per ton soil value considers 
welfare improvements due to (a) reservoir services(less sediment in reservoirs), (b) Navigation 
(shipping industry avoidance of damages from groundings), (c) water-based recreation (cleaner 
                                                 
4 We thank Calvin Wolter for providing us with this data. 
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fresh water for recreation), (d) irrigation ditches (reduced cost of removing sediment and  aquatic 
plants from irrigation channels), (e) road drainage( ditches less damage to and flooding of roads), 
(f) municipal water(lower sediment removal costs for water-treatment plants), (g) flood 
damages(reduced flooding and damage from flooding), (h) marine fisheries(improved catch rates 
for marine commercial fisheries), (i) freshwater fisheries (improved catch rates for freshwater 
commercial fisheries), (j)marine recreational(increased catch rates for marine recreational 
fishing), (k)municipal & industrial water use (reduced damages from salts and minerals 
dissolved from sediment), (l) steam power plants (reduced plant growth on heat exchangers), (m) 
soil productivity(reduced losses in soil productivity), and (n) dust cleaning (decrease in cleaning 
due to reduced wind-borne particulates). 
The per ton soil erosion reduction was valued at $2.77 (in 2000 $) for the Corn Belt 
region. We adjust this value by excluding $1.01 due to soil productivity, $ 0.01 due to freshwater 
fisheries, $0.18 due to municipal water treatment. The soil productivity is pure private benefit, 
while the last two categories will be partially captured while valuing the water quality 
improvement by their use value. This will save us from double counting problem in the valuation 
of ecosystem services (Keeler and Polasky, 2012). The adjusted per ton soil value will give us 
offsite benefits from erosion reduction. The per ton soil value is multiplied with the measure on 
total reduced soil erosion obtained in equation (1) to obtain the total value of offsite soil benefits. 
It can be expressed as  
Value of Reduced Soil Erosionj = Reduced  Soil Erosion in tonsj ∗ $/ton.        (2) 
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Quantification of benefits from wildlife and carbon sequestration  
Wildlife related benefits will mainly be derived from two practices, wetland creation and 
land retirement. We monetize the benefits by multiplying the treated by a measure of per-acre, or 
per household wildlife benefits obtained from a suitable study.  Benefit estimates from some 
relevant studies are provided in the appendix.  
Our monetization of carbon benefits from nutrient reduction practices exploit the Social 
Cost of Carbon (SCC) from EPA (2013)5. SCC is a $/ton measure that combines various 
damages including net agricultural productivity, human health, and property from a small 
increase in carbon dioxide.  Note that we choose the SCC estimated at 3% discount rate.6 We 
assume a homogenous rate of carbon sequestration across periods. To be consistent, when 
drawing the carbon sequestration rate by a practice from other studies, we focus on long term 
studies. To estimate the total carbon benefit from a practice j, we apply the following steps. 
Step 1: Estimate how many acres will be treated under practice j. 
Step 2: Use a low and high estimate on carbon sequestered per acre from suitable studies  
Step 3: Compute yearly total carbon sequestered (CS) by practice j as 
𝐶𝐶𝐶𝐶𝑗𝑗 = 𝐶𝐶𝐶𝐶 per unit of land under practice 𝑗𝑗 ∗  Total Land Areas Under Practice 𝑗𝑗. 
                                                 
5 SCC estimates are available at 
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html 
6 The SCC estimates are provided up to 2050, based on this we extrapolate SCC values up to 
2063 to match with our project life. Note that the cost estimates in NRS are obtained assuming a 
50 year project life. 
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Step 4: Construct the total monetary benefits (CB) from carbon sequestered by practice j              𝐶𝐶𝐶𝐶𝑗𝑗 = ∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 ∗ 𝐶𝐶𝐶𝐶𝑗𝑗𝑡𝑡2063𝑡𝑡=2015 . 
Since social damage functions are of convex shape, SCC are increasing overtime. 
Step 5: Derive Equivalent Annual Carbon Benefits from Practice j assuming a 50-year project 
life.7 
Note that reduction of carbon and other GHG emission from the atmosphere incorporates 
global spatial benefits-the reduced damages from global warming will improve welfare 
worldwide.  To facilitate comparison and further analysis, we adjust the global monetized 
benefits from GHG reduction from each of the nutrient reduction practices in Iowa by Iowa’s 
share of the global population (3 million/7 billion).  
Benefits from Agricultural Conservation Practices 
We estimate the reduced amount of erosion and sequestered carbon due to the adoption of a 
practice. Next, we assign monetary values to those following the method laid out in section three.  
Benefits from construction of wetland  
According to NRS, each 1000 acres of land will be treated with a wetland comprising 10 
acres of pond and 35 acres of buffer surrounding the pond.  As Table 2 shows, based on 
                                                 
7 We assume a 4% discount rate while spreading the total carbon benefit across 50 years. NRS 
assumes a 4% discount rate while estimating EAC. 
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scenarios, this will treat 14%-61% crop acres out of the total 28.4 million cropland acres and, 
0.17-0.4 million acres of cropland will go out of production. Note that eroded soils from all 
treated acres that previously ended up in the lakes, streams, and rives are now trapped by the 
wetland. We consider the baseline soil erosion rate in all these treated acres to calculate the 
potential reduction. This implies that soil erosion will decrease by up to 40 million tons per year. 
The low and high values assume two different soil erosion rates, one from RUSLE 
estimates across all MLRAs in Iowa, which is 2.49 tons/acre, and another from Gleason et al. 
(2008), which is 4.45 tons/acre. For carbon sequestration, we choose the lower bound from the 
Gleason et al. (2008), which is 0.66 tons/acre/year and the upper bound of 0.95 tons/acre/year 
from Hansen et al. (2015). Yearly total carbon sequestered by the land converted into wetland 
lies in the range of 0.12-0.38 million tons. 
Table 3 presents the monetary value of the benefits from the constructed wetland acres. 
The value of the offsite benefits of reduced soil erosion ranges from $20 million to $84 million 
per year based on the scenarios considered. In contrast to the soil erosion benefits, the recreation, 
aesthetic, and wildlife viewing benefits are based on value estimates obtained from Azevedo, 
Herriges, and Kling (2000).8 They estimate the median Iowan household’s yearly WTP to be 
$2.76-$6.76(in 2013 USD) for the wetland services. We adjust this value for land size, 
normalizing with respect to the wetland acres under NCS8 that converts the maximum acres into 
wetland. Total benefits from recreation, aesthetic, and wildlife view can reach up to $8.36 
                                                 
8The recreation, aesthetic, and wildlife viewing benefits are calculated based on constructed 
wetland acres rather than the treated acres. 
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million under scenario NCS8. Finally, the GHG benefits from wetlands, considering only 
Iowans’ share, is small. However, the GHG benefits can increase by $27 million if we consider 
worldwide damages from sequestered carbon, and reduction in other GHG gases from the 
constructed wetlands in Iowa. Total benefits lie in the range of $22-$120 million, and the largest 
benefits are generated under scenario NCS3 when global GHG benefits are included. 
4.2 Benefits from cover crops 
Under two scenarios, NCS1 and NCS3, the strategy paper suggests that a total of 17-27 
million acres of land will be treated by cover crops during the fallow period. For the reduced soil 
erosion rate, the lower bound is based on RUSLE estimates based on Iowa, which is extremely 
conservative since the model only considers treating Corn-Soybean (CS) acres under no-tillage 
with cover crops. The rate will be much higher if conventional tillage and Corn-Corn (CC) acres 
are treated with cover crops. Although Kasper et al. (2001) reports from a study in central Iowa 
that in CC acres, cover crops can reduce the erosion by 2.9 tons/acre, we choose the more 
conservative upper bound of 0.89 tons/acre from Schipanski et al. (2014). The low and high 
bounds of yearly carbon sequestration rates from cover crops, 0.99 tons/acre and 1.24 tons/acre, 
are chosen from Gonzalez-Ramirez et al. (2014) and Schipanski et al. (2014).  
Table 4 reveals that cover crops can reduce soil erosion by up to 24 million tons per year 
and sequester carbon by up to 33 million tons per year under scenario NCS3. Table 5 presents 
the monetized value of reduced soil erosion and sequestered carbon. The annual offsite benefits 
from sequestered carbon and reduced erosion lie in the range of $23-$2440 million. If the lower 
bound on total benefits is considered, the majority of the benefit is coming through offsite 
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benefits from reduced soil erosion. In contrast, 98% of the upper bound total benefit is derived 
from global GHG damage reduction. 
4.3 Benefits from land retirement 
The NRS considers land retirement under scenario NCS3. The plan is to retire 5% of the 
land currently under crop production, 1.14 million acres. The reduced soil erosion will come 
through two paths: (i) reduced erosion from the retired land, and (ii) soil trapped by this retired 
land from the surrounding land. We exclude the second path since we do not know the locations 
of the retired acres as well as size of surrounding crop acres they will treat.  The RUSLE 
estimate, based on all MLRAs in Iowa, suggests an erosion reduction of 3 tons/acre assuming 
that lands under extended rotation will be converted into energy grasses (Miscanthus or 
Switchgrass). Note that this is conservative because the erosion rate in the row crop acres 
without extended rotation can be much higher, and we exclude sediment trapped from 
surrounding acres. The upper bound estimate is 4.45 tons/acre, drawn from Gleason et al. (2008). 
The carbon sequestration rates of 0.58tons/acre and 0.66 tons/acre are chosen from Gonzalez-
Ramirez et al. (2014) and Gleason et al. (2008) respectively. Note that the upper bound we 
choose at 0.66 tons/acre is actually the lower bound reported in Gleason et al. (2008) for PPR 
region. As Table 6 shows, land retirement can reduce soil erosion by 3-5 million tons per year. 
The retired land sequesters carbon in the range of 0.66-0.75 million tons in every year. 
Table 7 reports the monetized benefits from land retirement. The offsite benefit from 
reduced soil erosion amounts to $7-$11 million. The per acre recreation value of $72.71, chosen 
from Hansen et al. (2007), suggests that 1.14 million acres of retired land will offer a recreation 
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and hunting benefit of $83 million. This estimate from Hansen et al. (2007) is conservative since 
it considers a limited set of recreation and hunting options in the CRP land. Finally, total local 
carbon benefits is 0.02 million, but the global benefits can be as high as $54 million. The total 
benefit is in the range of $90-$147 million.   
4.4 Benefits from buffers 
In one scenario, NCS8, the NRS includes a practice that 70% of all agricultural streams 
will have a vegetative buffer on each side of the streams that are not currently buffered. The 
buffers will be 35 feet wide and will cover 44,768 miles of agricultural streams (Table 14, NRS). 
Similar to land retirement, we only consider soil erosion prevented from the 0.4 million acres 
converted into buffers, and not the amount of soil erosion trapped from other acres. The rates on 
soil erosion and sequestered carbon are chosen from the same sources as we followed for the 
land retirement acres except the upper bound on carbon sequestration rate, which is chosen from 
the upper bound for wetland acres. Note that the buffers adjacent to the streams might sequester 
carbon at the same rate as the wetlands.  
Table 8 shows that this practice will convert 380,000 acres of cropland into buffers. The 
soil erosion will be reduced by up to 1.7 million tons per year. The yearly sequestered carbon 
will range from 0.22 to 0.36 million tons. The monetized offsite benefits from reduced soil 
erosion, as reported in Table 9, will lie in the range of $2.26-$3.6 million. The local carbon 
benefit is marginal but the global benefit can increase up to $26 million. The total benefits lie in 
the range from $2.27-$29 million. 
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4.5 Benefits from reduced tillage 
Conservation tillage is a widely adopted practice as it is very effective in reducing sediment 
transported phosphorus loss from the field. In example scenario NCS8, the NRS includes 
reduced tillage practice as follows: 
(i) Convert 90% of Conventional Tillage CC and CS Acres into Conservation tillage: 
This will convert 7.66 million CC and CS acres of land (out of 8.5 million acres) 
currently under conventional tillage into conservation tillage. 
(ii) Convert 10% of Non-no-till CC and CS Acres into No-till: Out of the total 16.2 
million crop acres, which are currently under conventional or conservation tillage 
practice, 1.62 million acres will switch into no-till practice.  
The RUSLE estimates, based on all MLRAs in Iowa, provide potential reduction in soil 
erosion for each type of change in tillage practice. Switching from conventional to no-till will 
reduce erosion by 2.48 tons from each treatment acre, while the erosion rate will fall by 1.45 tons 
per acre for switching from conventional to conservation tillage. The upper bound estimate is 
chosen from Zhaou, Al Kaisi, and Helmers (2009): for switching from conventional to 
conservation tillage (no-tillage), 2.7 tons/acre/year (3.05tons/acre/year) less soil will be eroded.  
For carbon sequestration we choose the estimates from USDA (2010) and Gonzalez-Ramirez 
(2014). The former reports a rate of 0.33 tons/acre/year for switching from conventional to 
conservation tillage and 0.64tons/acre/year for switching to no-till, while the latter reports an 
estimate for Iowa. The carbon is sequestered at the rate of 0.81 tons/acre for switching from 
baseline scenario to no-tillage system. 
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Table 10 shows the effects from reduced tillage practice. This can reduce soil erosion by 
15-26 million tons in each year. Approximately 3.5-3.9 million tons of carbon will be 
sequestered in every year. Table 11 shows the total monetary benefit from reduced tillage lies in 
the range of $32.11-$329 million. The carbon benefit is relatively large because a large number 
of crop acres will be treated with either conservation tillage or no-till practices.   
4.6 Benefits from nutrient application at MRTN rate 
The NRS has considered several nutrient management options to ensure more efficient 
use of nitrogen and reduce nitrate loss through leaching and runoff. The practices are (a) to limit 
application of fertilizers to the Maximum Return to Nitrogen Rate (MRTN) - the rate of nitrogen 
application that maximizes the profit from crop production, (b) nitrification inhibitor that slows 
down the release of nitrogen in the field, and (c) sidedress-changes the timing of fertilizer 
application by application of Nitrogen N to the plant at the time when needed most. The MRTN 
has the potential to reduce nitrous oxide emission. In the following section, we will quantify the 
benefits from MRTN. 
The strategy paper reports that the estimated average nitrogen application (commercial 
fertilizer and manure) to corn in a corn-soybean rotation is 151 lb/acre while the application rate 
is 201 lb/acre to corn in continuous corn in Iowa. Assuming a corn price of $5/bushel and a 
nitrogen price of $0.5/bushel, the MRTN for corn following soybean is 133 lb-N/acre and 190 
lb/acre for corn following corn. The implication is that all MLRAs where the current rate is 
higher than this will have to adjust N application to follow MRTN. Application of the MRTN 
rate to all continuous corn and corn-soybean acres in Iowa would reduce nitrate-N loading by 
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28,000 tons/year, all of which can be attributed to reduced N fertilizer application. Adopting the 
biophysical relationship between nitrogen application and nitrous oxide emission from IPCC 
(2010) and Millar (2006) as the low and high bound, we calculate that MRTN adoption will 
reduce GHG emission by 1.14-5 ml Mt per year. As Table 12 reports, the implied benefit for 
Iowa from such a reduction in GHG emission can reach up to $0.15 million per year. However, 
the global GHG benefits can be as high as $353 million per year. Note that since a fixed MRTN 
rate is assumed, the benefits amounts do not vary across the scenarios. 
4.7 Ecosystem services not quantified 
The nutrient reduction practices included in the NRS will offer several other ecosystem 
services that we are not able to quantify due to lack of required information. Ecosystem services 
that are expected to stem from agricultural conservation practices but are missing in our analysis 
includes: pollination services, pest control, endangered species protection, wildlife habitat, and 
flood control among others.   
Natural pollinators are critical to agriculture. Natural pollinators, such as insects and 
birds, add a value of US$ 190bl/year to agriculture and almost 15-30% of the average US diet 
depends on pollination services. The value of pollination services from honeybees is estimated in 
the range of $8-$16.4 billion while that from native bees is around $3.1 billion (Losey and 
Vaughan 2006).  Availability of wild pollinators are in sharp decline and managed honeybees are 
exhibiting a high death rate since 2007. Pollinator habitat and health is jeopardized due to factors 
including monoculture cropping practices, natural pollinator habitat decline and fragmentation, 
pesticide and herbicide use, pests and migratory beekeeping practices (Ehmke et al. 2015).  The 
conservation practices under Iowa NRS will improve the pollinators’ habitat. In-field practices 
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such as reduced tillage and cover crops will provide more floral resources, buffers and wetlands 
provided they include flowering strips, and retiring land from crop to CRP acres will improve 
habitat for pollinator services. 
Valuation of pollinators’ services is difficult to quantify due to three key missing links (i) 
the production function between pollinators and agricultural yield, (ii) evaluation of agricultural 
practices on pollinators’ health, and (iii) societal values (people value pollinators for non-market 
reasons such as existence, floral and arboreal services, and biodiversity). 
Following the same reasons, it is difficult to assign a monetary value to endangered 
species protection benefits. Based on literature search, Hansen et al. (2015) report that there are 
76 wetland related endangered vertebrate species, but note the lack of a biophysical model to 
assess the value of imperiled species protection from wetland. Land retirement provides habitat 
for many threatened and endangered species which are difficult to quantify due to inadequate 
data (Sullivan 2004). Wildlife habitat and flood control are two additional services whose 
benefits are difficult to quantify, and those are left to future studies. 
Water Quality Benefits 
We consider three direct use values of improved water quality in this section. For the valuation 
purpose, we consider 131 major lakes in Iowa. Figure 2 shows the exact locations of these lakes 
in a map. When water quality improves due to the nutrient reduction strategy, recreationists from 
all over the state and residents living close to those lakes are expected to benefit directly. 
Similarly safe drinking water supply will be less costly due to reduced nutrients and sediments in 
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the raw water. The three benefits we consider here were not included in the calculation of offsite 
benefits from per ton soil erosion reduction.9 
5.1 Water quality benefits to local homeowners 
We estimate the aesthetic value of water quality improvement to residents near major 
lakes in Iowa.  To do so, we link the Iowa water quality database (Limnology Lab at Iowa State 
University)10 with a meta-analysis (Ge, Kling, and Herriges 2013)on lake-adjacent households’ 
willingness to pay for improved water quality, and adjacent property counts across the major 
lakes.  
Step 1: Convert the raw water quality measurements of turbidity, dissolved oxygen, PH value, 
total nitrate and total phosphorus into quantile values (q) for all major lakes in Iowa.  
Step 2: Calculate a water quality index from q values obtained from various water quality 
attributes using the National Sanitation Foundation water quality index formula, as follows: 
𝑊𝑊𝑊𝑊𝑊𝑊 = ∏ 𝑞𝑞𝑖𝑖𝑤𝑤𝑖𝑖5𝑖𝑖=1 , where 𝑤𝑤𝑖𝑖 is the weight. The adjusted weight assumed in the above formula is 
reported in Table 13. 
Step 3: Using the above formula, derive two water quality indices for pre-NRS and post-NRS 
water quality attributes. We utilized 2004 water quality attributes to derive pre-NRS water 
quality index. Following targets set in the NRS, we assume there will be a uniform 40% 
                                                 
9 Note that in the previous section, while quantifying the offsite benefits from soil erosion 
reduction, the per-ton-soil benefits incorporate several benefits from water quality improvement, 
such as reduced dredging, reservoir services, and industrial waste treatment. 
10 Retrieved at http://limnology.eeob.iastate.edu/lakereport/default.aspx 
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reduction in nitrogen and 30% reduction in total phosphorus in all lakes in Iowa.  We assume 
that other water quality attributes included in the formula (dissolved oxygen, pH value, and 
turbidity) will remain unchanged to obtain a lower bound estimate of the water quality index 
based on the NRS. Due to this nutrient reduction plan, the average water quality index in 131 
lakes in Iowa will improve from 72.07 to 73.74. In short, average water quality index will at least 
increase by 1.68 once the nutrient reduction plan is adopted. Table 15 incorporates summary 
statistics on water quality changes due to NRS. 
Step 4: Based on initial and improved water quality indices, we calculate the annual WTP per 
household per year for the proposed water quality improvement using the value function 
estimated for hedonic studies in the meta-analysis by Ge, Kling, and Herriges (2013). Only 
hedonic studies are included because we are considering that only households owning homes and 
living near the lakes will benefit from the locally improved water quality.  
WTP = −2.67 ∗ Initial Water Quality + 4.48 ∗ ∆WaterQuality + 27.94 ∗ NortheastDummy+ 287.23 ∗ (Lake Dummy) + 4.69 ∗ (Publicationdate) + 284
∗ (InPersonDummy) − 0.01 ∗ (Income) + 78.96 ∗ (TotalValueDummy)+ 212.50 ∗ Improvement Dummy − 208.04 ∗ ladderDummy +  277.26
∗ CVDummy +  217.88 ∗ HedonicDummy + 0.06 ∗ SiteSize –  0.004
∗ RegionSize 
In the above equation, while deriving the hedonic values we assume  NortheastDummy = 1, Lake Dummy = 1,  Publication Date = 40(year 2010), InPerson Dummy =0, TotalValue Dummy = 0,  Income = 50,000, Improvement Dummy = 1, Region Size =
   21 
 
 
 
100 Square Miles, Ladder Dummy = 0, Site Size = 10 Square Miles, CV Dummy = 0,  Hedonic Dummy = 1, RegionSize = 100 square miles around the lake. 
Estimates from the above equation will translate the water quality changes into monetary 
values. The equation above implies that for a 1.67 point improvement in water quality, the 
average WTP per lakefront property per year is $655.27. Table 14 adds implied WTP for the 
improved water quality.  
Step Five: We know the point location of each of the lake in Iowa. Extracting information from 
different sources that combine GIS and population censuses, we count the total number of 
housing units within half mile and one mile radius of each lake. Table 15 provides a breakdown 
of housing units by sources.  
Step Six: We consider two radius distances, half mile and one mile, to obtain a lower bound and 
upper bound in count of housing units.  Note that these counts are conservative since we are 
considering only residences near 131 lakes for which we have data from the Iowa Lakes Project, 
and we exclude a large number of housing units located near other lakes, and all rivers including 
the two major rivers, Mississippi and Missouri river. In our sample, 35 % of the lakes do not 
have any housing units within a half mile while 24% do not have any housing within a one mile 
radius from the lake. The value of the improved water quality for each lake is derived by 
multiplying the total number of housing units by mean willingness to pay obtained for that lake, 
as described in step five. The value of water quality improvement to local residents from the 
Iowa NRS is at least in the range of $14.6-$35.4 million in 2013 USD. The six most benefitted 
lakes from appreciation in aesthetic value are West Okoboji Lake, Saylorville Lake, Coralville 
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Lake, Storm Lake, Easter Lake and Clear Lake. The total aesthetic benefits accrued by residents 
surrounding these lakes are at least $1 million.  
5.2 Recreation benefits 
The cleaner water resulting from NRS will benefit outdoor recreationists who use the 131 
lakes included in Iowa Lakes Project. To estimate the size of this benefit, we perform welfare 
analysis adopting the reveled preference method and utilizing the detail demographic and lake 
usage data from random household surveys conducted under the Iowa Lakes Project. 
Step One: We first convert the nitrate and phosphorus reduction from Iowa nutrient reduction 
strategy into a representative water quality measure. Following Egan et al. (2009), we consider 
secchi depth as a key measure of water quality. We utilize the baseline data from 130 lakes in 
Iowa to estimate the relationship among secchi depth, total nitrate, and total phosphorus with the 
following regression specification 
𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝑖𝑖 = 1.69 + 0.0166 ∗ 𝑇𝑇𝑇𝑇 − 0.004 ∗ 𝑇𝑇𝑇𝑇. 
This translates the reduction of 42% nitrate and 30% phosphorus into corresponding change in 
secchi depth.  
Step Two:  Based on the baseline and predicted change in secchi depth, we employ a Random 
Utility Model to calculate the compensating variation under both linear and log specifications. 
The welfare estimates, as reported in Table 16, suggest that water quality improvement would 
generate recreation benefits in the range of $5-$22 million dollars. 
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5.3 Water quality and drinking water treatment costs 
Drinking water in Iowa is obtained mainly from three sources: (i) groundwater from deep 
shallow wells, (ii) surface water from rivers, lakes, and reservoirs, and (iii) shallow groundwater 
that are under direct influence of surface water. In Iowa, approximately 90.3% of the total 3.05 
million Iowans are served by public water supplies while the remaining 9.7% are served by 
private water systems. Although 92% of Iowa’s water supply system uses groundwater as the 
primary source, approximately 45% Iowans are served by public water systems which collect 
source water from (ii) and (iii). Agricultural runoff carrying pollutants, such as nitrogen and 
phosphorus, often end up in lakes, streams, and rivers and contaminate the surface water. In 
addition, since nitrogen is highly mobile and soluble, it leaches easily through soil structure to 
reach drainage water systems, groundwater, and aquifers. The extent to which agricultural 
nitrogen contaminates groundwater depends on soil structure, surface and bedrock geology, 
especially soil crust and permeability.    
5.3.1 Implication of nutrient reduction strategy for safe drinking water in Iowa 
One direct benefit of improved water quality from Iowa Nutrient Reduction Strategy will 
be passed through to the drinking water treatment plants. Reduced nitrogen and phosphorus 
levels in the streams and rivers will reduce nitrate removal cost for the treatment plants drawing 
source water from streams, lakes and rivers.  
Excessive nitrogen in water can cause blue baby syndrome. EPA regulates the maximum 
level of allowable nitrogen in drinking water, which is 10 milligrams per liter (mg/L). Even a 
nitrogen level of 2.5 mg/L in drinking water, much lower than the EPA recommended level, is 
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associated with high risk of thyroid cancer (Ward et al., 2010). Phosphorus is responsible for 
algal blooms that make water smell bad and have dire consequences for aquatic life, human and 
animal health. Cyanobacteria, blue green algae, produces cyanotoxins which have negative 
health consequences. Further, while treating water for algae with chemical disinfectants various 
disinfectants byproducts are generated that may cause cancer, birth defects, and damage the 
DNA (Naidenko, Craig, and Nils, 2012; Villanueva et al., 2007).  
An EPA assessment showed that between 1998-2005, 17% of Iowans were served with 
drinking water with nitrate levels above the recommended level. Total 250 public water supplies 
(PWS) were at risk of high nitrate contamination (Naidenko, Craig, and Nils, 2012). In 2013, 125 
PWS failed to comply with at least one health-based standard, affecting 10% of Iowans (Iowa 
DNR, 2014). Most of these violations are related to coliform bacteria, and nitrate level. EWG’s 
National Drinking Water Database based on 2004-2008 data showed that 50 water supply 
utilities in Iowa were violating the trihalomethanes or haloacetic acid standard, exposing around 
62000 people (Naidenko, Craig, and Nils, 2012). Examining 32 lakes in Iowa that were then 
used as source water by water treatment utilities, EWG found that 94% of the samples were 
detected with cyanobacteria at levels much higher than the recommended level by World Health 
Organization (WHO).  
Drinking water utilities face significant cost from treating pollutants including nitrate and 
phosphorus that are directly caused by agricultural practices.  Ribaudo et al (2011) estimated the 
annual nitrate removal cost from drinking water sources across the US to be $4.8 billion, out of 
which agricultures’ contribution is 1.7 billion dollar. The study implies that a 1% reduction of 
nitrate concentration in the source water would save $175 million per year. Naidenko, Craig, and 
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Nils (2012) compile information on nitrate treatment and management costs. The water facilities 
cope with high nitrate levels in source water in several ways: by blending high nitrate wells with 
low nitrate wells , or shutting down wells if nitrate levels are high, building a nitrate removal 
facility, construction of holding ponds that will remove nitrates in natural way, and reverse 
osmosis of ground water. The reported per household construction cost of ion exchange and 
reverse osmosis systems for treating nitrate in drinking water can vary between $400-$1000 
while the cost for drilling a new well can vary between $300-$400. The process of treating water 
for cyanotoxins is complex and highly expensive; the installation cost of a treatment facility to 
serve 100,000 people can vary from $4.4million to $56.6 million and annual operating costs can 
range from $0.5-$5.6 million (Naidenko, Craig, and Nils, 2012).11  
Private water wells are not subject to EPA regulatory limit. GEOSAM database records 
that there are currently 40,325 private water wells in Iowa.12 Approximately 12% of Iowa’s 
private water wells were detected with nitrate level above 10mg/L (University of Iowa Center for 
Health Effects of Environmental Contamination, 2009). Keeler and Polasky (2014) provides an 
estimate of nitrate removal costs from private wells. Assuming that the least cost method of 
reverse osmosis will be adopted for nitrate treatment in drinking water, the cost to bring nitrates 
                                                 
11 In a high agricultural county, Fairmont, Minnesota, where 95% of land are under row crops, 
the cost for establishing a 5.4 million gallon per day treatment facility that will serve around 
100000 people and treat source water for algal blooms, disinfection byproducts, and bad taste is 
$31.8 million.  
12 GEOSAM, Iowa Geological Survey. Available at http://geosam.iihr.uiowa.edu/search 
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at least to the EPA level is $1790-$6160 per well, which is equivalent to $120-$414 per year.13. 
The cost of avoidance behavior, captured by purchase of bottled water for consumption, ranges 
in $241-$723 per individual per year.  
 The studies discussed above shed some light on the external cost of agriculture on 
drinking water treatment costs. If 17% of Iowans served by PWS are still experiencing high 
nitrate levels in their drinking water, the Naidenko, Craig, and Nils (2012) estimates on reverse 
osmosis systems for nitrate removal suggest an avoidance cost estimate of $84-$210 ml.  If 12% 
of Iowa’s 40,325 private wells still exhibit nitrate levels above 10mg/L, the Keeler and Polasky 
(2014) setting suggests that the total cost for Iowa will be $8.7-$30 ml.  
5.3.2 Case Study on Des Moines Water Works  
Des Moines Water Works is the largest municipal water treatment plant in Iowa, and 
provides water supply to 0.5 million Central Iowans. Its three treatment plants are Fleur Drive 
Treatment Plant with a capacity of 100 million gallons per day (MGD), L.D. McMullen 
Treatment Plant at Maffitt Reservoir with a capacity of 25 MGD, and Saylorville Water 
Treatment Plant with a capacity of 10 MGD. The raw water at the Fleur Drive Plant comes from 
the Des Moines River, Raccoon River, and a Shallow Gallery system(a series of underground 
pipes located throughout Water Works Park next to the Raccoon River), where water must be 
pre-treated to remove sediment, organic matter and nitrate level.  High nitrogen problem is 
                                                 
13 They assume a 20-year project life and 3% discount rate 
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common in all three sources at Fleur Drive Plant. Recently they have encountered similar nitrate 
problems in wells at McMullen plant. Based on the nitrate level on the source water, the system 
responds by switching from one river to the other, by maximizing use of the infiltration gallery 
system, using water stored in reservoirs, or adjusting production at the L. D. McMullen and 
Saylorville Water Treatment Plants. However, these ground water sources are reserved for high 
demand times and emergency conditions.  
When the nitrate level is high, and the demand cannot be met by switching across plants 
and reservoirs, the facilities have to run their nitrate removal system. It has 8 vessels that are 
used to remove nitrate from source water, to bring it down to the EPA recommended level of 
10mg/L. The treatment facilities did not have to run these vessels at all during the 2011-2012 
time period. With the rise in nitrate level, in 2013 these vessels were operated for 74 days, 28 
days in 2014, and all 26 days till January till 26th in 2015. The average cost per day for running 
this nitrate removal system is $7000. Facing a consistently high level of nitrate in Des Moines 
and Raccoon River and the resulting high treatment cost, DMWW has blamed agricultural 
discharge from the upstream. The debate on the impact of agriculture on water quality has been 
ignited once DMWW sued three counties for transporting N fertilizer into the river through tile 
drainage. An extract from DMWW website- “A major conduit of nitrate pollution in the 
Raccoon River watershed is the artificial subsurface drainage system infrastructure, such as 
those created and managed by drainage districts. Des Moines Water Works recently filed a 
federal complaint against the Boards of Supervisors of Sac County, Buena Vista County, and 
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Calhoun County, in their capacities as trustees of 10 drainage districts, for the discharge of 
nitrate pollutants into the Raccoon River”14.   
The DMWW, being the largest municipal water treatment facility, has experienced an 
increase in the cost of nitrate treatment due to upstream water pollution. This has implications for 
other similar or smaller water treatment plants. Note that based on an extensive empirical 
analysis, Ribaudo et al. (2011) suggests that there is economies of scale in nitrate abatement cost. 
To understand the implied benefit of 40% reduction of Nitrogen in Iowa’s waterways, we exploit 
information from Des Moines Waterworks (DMWW) to derive an estimate of abatement costs 
on treating drinking water for nitrate. The DMWW’s savings from nitrate abatement cost will 
provide a relevant benefit estimate for Iowa from NRS. Following is a description of how we 
accomplish this.15 
Step One: using daily data from January 1, 2012-January 26th, 2015 we predict the probability of 
treatment requirement based on the nitrate level in the Des Moines and Raccoon River, the total 
water processed(demand and treated water), producer price index, if the other two treatment 
plants were operating, and  lag values of treatment. We estimate several specifications of the 
following binary model, and the results are reported in Table 17. 
                                                 
14 Retrieved at http://www.dmww.com/about-us/announcements/clean-water-act-litigation-
faq.aspx 
15 We thank Michael J. McCurnin, P.E., Director of Water Production, Des Moines Water 
Works for sharing some of their production information.  
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Treatedd,m,t = Nitrogen Level in Des Moines Riverdmt +                              Nitrogen Level in Raccoon Riverdmt +                             Total Water Processedd,m,t +  Producer Price Indexmt +                             Mcmullen Plantd,m,t + Saylorville Plantdmt + ∑ l. Treatedd,m,t3l=1 +                             Unobserveddmt, 
where d, m, and t denote day, month, and year.  
Step Two: we consider specification IV as our preferred specification since it includes the 
dynamics and proceed based on the parameters obtained from this. The estimates suggest that the 
predicted probability of daily treatment is 14%. Based on the parameters obtained, we estimate 
the out of sample probability of treatment requirement if the mean nitrate level in the Des 
Moines River and Raccoon River falls by 40% due to the implementation of Iowa NRS. Panel 
(b) reports the results. This suggests that if the NRS is adopted, nitrate treatment requirement by 
DMWW will fall by 50%-100%. 
Step three: Based on actual total treatment days in 2013, 2014, and average of 2013-2015, and 
average nitrate treatment cost per day, we develop three baseline cost scenarios as reported in 
Table 18. The baseline cost of treatment ranges from $0.2-$0.5 million. The 50%-100% reduced 
abatement requirement for nitrate due to the adoption of NRS will be translated into a yearly cost 
savings of $0.1-$0.5 million. 
Step Four: The estimate above is obtained from the variable cost associated with operating the 
facility. The fixed cost of installing a nitrate treatment facility is $7-$183 million16. If we spread 
                                                 
16We gathered the replacement cost of nitrate removal facility from the following two sources.  
(i)http://www.desmoinesregister.com/story/money/agriculture/2015/05/14/water-works-nitrates-
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this over 50 years, with a discount factor of 4% the equivalent annual cost will be $0.14-$3.7 
million. Currently DMWW serves around 16% of the Iowa population. Assume that absent the 
NRS Iowa’s surface and groundwater will eventually need treatment. We simulate the implied 
cost savings when 50% of Iowans need to have their drinking water treated. The estimated 
benefits, as reported in Table 19, range from $0.24 to $13.1 million per year. 
The estimate derived from this case study is conservative since it considers only nitrate 
removal costs for one large municipality. Due to data limitations, we have not considered many 
other small treatment utilities which are experiencing similar problems, where the cost of 
abatement is much higher due to economies of scale. We do not include nitrate related health 
damages since nitrate levels below EPA recommended level still might have health implications. 
In addition, other nutrient removal costs, including that for cyanotoxins, chlorophylls, and bad 
smell, are not considered. Finally, the welfare cost of high nitrates in private wells are not 
included. 
Comparison across Conservation Practices in terms of Benefits 
Figures 3 to 5 shows the total benefits from reduced soil erosion, increased wildlife 
habitat, and carbon sequestration by conservation practices under each example scenario 
                                                 
lawsuit/27331305/ (ii) http://www.dmww.com/upl/documents/water-quality/lab-reports/fact-
sheets/nitrate-removal-facility.pdf.   
The construction cost incurred by DMWW for the nitrate treatment facility in 1990-1991 was 
$4.1, which is $7 million at 2013 US$ value.  
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considered. Since SCC is calculated based on global damages, we translate the global carbon 
benefit into a local benefit by weighting the SCC by the share of 3 million Iowans’ in 7 billion 
global population. That means when we are considering Iowan’s share only, we are assigning a 
lower value to SCC.  Under scenario NCS1, almost 65-70% of the benefits derive from wetlands, 
and another 30-34% from cover crops when local carbon benefits are considered. In this case, the 
MRTN’s share is negligible. However, when we include the global carbon benefit and thus 
assign a higher value of carbon sequestration, cover crops’ contribution to the lower bound of 
total benefit rises to 95%. This is because of the large amount of carbon sequestered by 17 
million acres under cover crops in scenario NCS1. MRTN’s contribution in total benefit reaches 
5%. 
Under scenario NCS3, when local carbon damage is considered, 5% of the retired land 
contributes to 48-60% of the total benefit. Similar contributions from cover crop acres and 
converted wetland acres are respectively 19%-24% and 12%-15%. However, when global 
damage from carbon is considered, cover crops’ and MRTN’s share in total benefit shows a 
sharp rise. Under scenario NCS8 with local carbon benefit, a larger share in total benefits comes 
from wetlands and tillage practices. However, when the global carbon benefit is considered, the 
lion’s share of total benefit is taken up by reduced tillage practices, which is mainly because of a 
large coverage of acres under reduced tillage practice. 
Tables 20 and 21 report total benefits by ecosystem services under each of the scenarios 
including benefits from improved opportunities for water-based recreation, local lake-adjacent 
housing values, and drinking water purification. Note that these three ecosystem services do not 
vary across scenarios since they are derived for a uniform reduction of 40% N and 29% P that is 
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achieved under one of these three scenarios. The monetary benefit figures in Table 21 are 4-19 
times larger compared to those in Table 20, which is mainly because of the higher carbon value 
assigned in the former case.  Assuming a local carbon damage, the largest monetary benefits are 
derived from conservation practices included under NCS3 that lie in the range of $163-$246 
million. The combined benefits under NCS1 in low and high scenarios are approximately 50% 
and 26% lower compared to those under NCS3. Finally, the combined benefits from low 
scenario under NCS8 are 34% lower compared to similar benefits under NCS3.  
7. Conclusion 
This study evaluates the potential external benefits from a number of agricultural 
conservation practices included under the Iowa Nutrient reduction strategy 2013. The estimation 
method follows a benefits transfer approach and excludes private benefits from the analysis. 
Besides the direct benefit of reduced nutrients in Iowa’s waterbodies, these practices generate a 
large amount of benefits through other ecosystem services including reduced soil erosion, 
reduced carbon in the atmosphere, enhanced wildlife, and increased biodiversity. Iowans’ 
welfare will improve from these ecosystem improvements through increased opportunities for 
outdoor recreation, aesthetic values of improved water quality, better quality for drinking water, 
and reduced greenhouse gas emission, among others.  
The yearly aggregate monetary values for Iowans from these ecosystem services range from 
$88-$257 million. However, the benefit estimates are conservative for a number of reasons. First, 
we took a conservative approach when selecting values from the literature concerning rates of 
carbon sequestration, reduced soil erosion, and the monetization of ecosystem services using 
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benefits transfer. Due to lack of supporting studies we could not include many benefits, such as 
pollinators, existence value associated with water quality and wildlife, biodiversity and 
endangered species protection etc. In addition, we focus exclusively on the benefits to be accrued 
to Iowans. We have not included the benefits to be accrued at the Gulf from improved aquatic 
life and reduction of the hypoxic zone. Inclusion of such benefits will make the actual benefit 
estimates larger. To put it in context, out estimates reveal that including the global benefits from 
additional carbon sequestered in Iowa can make the total benefit estimates 4 to 19 times larger.  
The success of Iowa nutrient reduction strategy largely depends on farmers’ adoption of 
targeted management practices at the field level. Incentives and payment vehicles may be 
necessary to incentivize them to participate in the program. However, since the source of funds is 
most likely to be public, to ensure the optimum use of public tax money in incentivizing nutrient 
management practices requires attaining the highest benefit per unit of money spent. In this 
regard, a detailed in-depth analysis of benefits derived from this strategy is imperative. The 
findings from this research will inform policymakers and stakeholders across the state and help 
them better understand the tradeoffs involved in policies that encourage conservation. 
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Figure 1: Link between Conservation Practices, Ecosystem, and Ecosystem Services 
Conservation  
Practices 
                          pathways Ecosystem   Services Economic Valuation 
 
MRTN Rate 
      Demand for Recreation(A) 
Housing Values Near the 
Lakes and Streams(A) 
 
(a)Nitrification Inhibitor 
(b)Bioreactor 
(c) Controlled        
Drainage  
Reduced  N and P 
 
Water Quality in Lakes, 
Rivers and Streams 
  
Drinking Water 
Abatement Cost for -                             
Nitrate Removal (A) 
Less toxins (C) 
Health Damage (C) 
Availability(C) 
 Reduced Soil Erosion    Soil Quality 
 
Land Value/Rent(B) 
     Less Soil in ditches, 
reservoirs, & waters 
Offsite Benefits(A)  
Wetland   Groundwater Recharge  Flood Control Damage avoidance(B) 
       
     Biodiversity, 
Endangered Species 
Protection 
Existence and Cultural 
Value17(C) Cover Crops     
      
   Wildlife Habitat  Wildlife Recreation Demand for Wildlife View and 
Hunting (A) Land Retirement      
   Pollinator Habitat   Pollination Alternative/Commercial 
Pollination(C) 
Buffers       
       
Reduced Tillage   Sequester Carbon, 
Reduce GHG 
 Reduce Global 
Warming 
Social Cost of Carbon(A) 
Note:  A, B, and C stand for clarification of whether a valuation has been conducted here. A: Valuation at least partially undertaken here, B: 
Valuation is possible but not undertaken, C: Valuation is not undertaken due to lack of Data. 
                                                 
17 All of the ecosystem services incorporate at least some non-use values, such as existence value, cultural value etc. 
Opportunities 
for recreation 
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Figure 2: A Map with Major Lakes in Iowa
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Figure 3: Benefits from Soil Erosion Reduction, Wildlife, and Carbon Sequestration by 
conservation Practices under Scenario NCS1 
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Figure 4: Benefits from Soil Erosion Reduction, Wildlife, and Carbon Sequestration by 
Conservation Practices under Scenario NCS3 
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Figure 5: Benefits from Soil Erosion Reduction, Wildlife, and Carbon Sequestration by 
Conservation Practices under Scenario NCS8 
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Table 1: Three Scenarios Combining Practices to Achieve Nutrient Reduction Target 
 
Sc
en
ar
io
s   
Nitrate 
N 
 
Phosp
horus 
 
Initial 
Investment 
(million $) 
Total Equal 
Annualized 
Cost EAC 
(million 
$/year) 
Statewide 
Average 
EAC 
Costs 
($/acre) 
 
Practices Included 
%Reduction 
from baseline 
 
 
 
NCS1 
(i) MRTN Rate, 
(ii) 60% Acreage with Cover Crop 
(iii) 27% of ag land treated with   
wetland 
(iv) 60% of drained land has 
bioreactor 
 
 
 
42 
 
 
 
30 
 
 
 
3,218 
 
 
 
756 
 
 
 
36 
 
 
 
NCS3 
(i) MRTN Rate, 
(ii) 95% of acreage with Cover 
Crops 
(iii)34% of ag land in MLRA 103 
and 104 treated with wetland, 
(iv)5% land retirement in all 
MLRAs 
 
 
 
42 
 
 
 
50 
 
 
 
1,222 
 
 
 
1,214 
 
 
 
58 
 
 
 
 
 
 
 
 
 
 
NCS8 
(i) MRTN Rate, 
(ii) Inhibitor with all Fall 
Commercial N, 
(iii) Sidedress All Spring N, 
(iv)70% of all tile drained acres 
treated with bioreactor, 
(v)70% of all applicable land has 
controlled  drainage, 
(vi) 31.5% of ag land treated with a 
wetland, 
(vii) 70% of all agricultural streams 
have a buffer 
Phosphorus  reduction practices: 
( i)convert 90% of Conventional 
Tillage CS & CC acres to 
Conservation Till and 
(ii)Convert 10% of Non--No‐till CS 
& CC ground to No-‐Till 
 
 
 
 
 
 
 
 
 
 
42 
 
 
 
 
 
 
 
 
 
 
29 
 
 
 
 
 
 
 
 
 
 
4,041 
 
 
 
 
 
 
 
 
 
 
77 
 
 
 
 
 
 
 
 
 
 
4 
Source: Table 5 in Iowa NRS. *EAC stands for Equal Annualized Cost (50 year life and 4% discount rate) and 
factors in the cost of any corn yield impact as well as the cost of physically implementing the practice. 
Average cost based on 21.009 million acres, of Corn-Corn and Corn‐Soybean Rotation. 
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Table 2: Soil Erosion Reduction and Sequestered Carbon by Wetland Acres. 
Scenarios Treated Acres of Land by 
wetland 
 
Total 
converted 
wetland acres 
 (ml acres) 
Reduced Soil 
Erosion 
(ml tons/year) 
Total sequestered 
carbon  
(ml tons/year) 
  Million 
acres 
 Low High Low High 
NCS1 27% of all 
Agricultural Land in 
all MLRAs 
 
17 
 
0.34 
 
19.09 
 
 
34.10 
 
 
0.23 
 
0.33 
NCS3 34% of Agricultural 
Land in all MLRA 
103 and 104 
 
4 
 
0.17 
 
9.69 
 
 
17.30 
 
 
0.12 
 
0.17 
NCS8 31.5% of all 
Agricultural Land in 
all MLRAs 
 
9 
 
0.40 
 
22.27 
 
 
39.78 
 
 
0.27 
 
0.38 
Note: Carbon Sequestration is calculated following the similar manner as that for soil erosion. 
Similarly, total carbon sequestration= Total treated acres*Per Acre carbon Sequestration. 
 
Table 3: Monetary Value of Benefits from the Wetland Acres. 
  Offsite 
Benefits from 
Reduced Soil 
Erosion 
($ ml/year) 
Recreation, 
Wildlife View, 
Aesthetic 
($ ml/year) 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 
Total Benefits 
($ ml/year) Iowans’ share 
($ ml/year) 
Global Benefits 
($ ml/year) 
  Low High Low High Low High Low High Low High 
NCS1 40.46 72.29 2.87 7.16 0.01 0.01 23.23 23.41 43.35 102.86 
NCS3 20.53 36.68 1.46 3.63 0.01 0.01 27.10 27.31 22.00 67.63 
NCS8 47.21 84.34 3.35 8.36 0.01 0.01 27.10 27.31 50.57 120.00 
Note: The lower and upper bound of the total benefits is calculated respectively including lower 
bound on Iowan’s share in GHG benefits and upper bound on global GHG benefits. 
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Table 4: Soil Erosion Reduction and Sequestered Carbon by Cover crop Acres 
Scenarios Treated Acres of Land by 
Cover Crops  
( million acres) 
Reduced Soil Erosion 
(million tons/year) 
Sequestered Carbon 
(million tons/year) 
      Low High Low High 
NCS1 60% of all 
Agricultural Land 
17.03 10.35 15.15 16.86 21.11 
NCS3 95% of all 
Agricultural Land 
26.96 16.39 23.99 26.69 33.43 
NCS8 N.A. - - - - - 
 
Table 5: Monetary Value of Benefits from the Cover Crop Acres 
  Offsite 
Benefits from 
Reduced Soil 
Erosion 
($ ml/year) 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 
Total Benefits 
($ ml/year) Iowans’ share 
($ ml/year) 
Global Benefits 
($ ml/year) 
  Low High Low High Low High Low High 
NCS1 21.95 32.13 0.64 0.65 1501.2
8 
1508.8
5 
22.59 1540.98 
NCS3 34.75 50.87 1.02 1.02 2377.0
3 
2389.0
1 
35.77 2439.88 
NCS8 - - - - - - - - 
Note: The lower and upper bound of the total benefits is calculated respectively including lower 
bound on Iowan’s share in GHG benefits and including upper bound on global GHG benefits. 
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Table 6: Soil Erosion Reduction and Sequestered Carbon from Acres under Land Retirement 
Scenarios Acres of Land to be Retired 
( million acres) 
Reduced Soil Erosion 
(million tons/year) 
Sequestered Carbon 
(million tons/year) 
     Low High Low High 
NCS1 N.A. - - - - - 
NCS3 5% of Agricultural 
Land 
 
1.14 
 
3.20 
 
5.07 
 
0.66 
 
0.75 
NCS8 N.A. - - - - - 
 
Table 7: Monetary Value of Benefits from the Retired Acres 
 Offsite 
Benefits from 
Reduced Soil 
Erosion 
($ ml/year) 
Recreation, 
Wildlife View, 
Aesthetic 
($ ml/year) 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 
Total Benefits 
($ ml/year) Iowans’ share 
($ ml/year) 
Global Benefits 
($ ml/year) 
 Low High Low High Low High Low High Low High 
NCS1 - - - - - - - - - - 
NCS3 6.79 10.76 82.89 82.89 0.02 0.02 53.61 53.77 89.71 147.42 
NCS8 - - - - - - - - - - 
Note: The lower and upper bound of the total benefits is calculated respectively including lower bound on 
Iowan’s share in GHG benefits and upper bound on global GHG benefits. 
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Table 8: Soil Erosion Reduction and Sequestered Carbon from Acres under Buffers 
Scenarios Acres of Land to be 
Converted 
( million acres) 
Reduced Soil Erosion 
(million tons/year) 
Sequestered Carbon (million 
tons/year) 
     Low High Low High 
NCS1 N.A.  - - - - 
NCS3 N.A.  - - - - 
NCS8 70% of ag streams 
that are not 
currently buffered  
 
0.38 
 
1.07 
 
1.69 
 
0.22 
 
0.36 
 
Table 9: Soil Erosion Reduction and Sequestered Carbon from Acres under Buffers 
 
  Offsite 
Benefits from 
Reduced Soil 
Erosion 
($ ml/year) 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 
Total Benefits 
($ ml/year) Iowans’ share 
($ ml/year) 
Global Benefits 
($ ml/year) 
  Low High Low High Low High Low High 
NCS1 - - - - - - - - 
NCS3 - - - - - - - - 
NCS8 2.26 3.58 0.01 0.01 25.55 25.80 2.27 29.38 
Note: The lower and upper bound of the total benefits is calculated respectively including lower 
bound on Iowan’s share in GHG benefits and including upper bound on global GHG benefits. 
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Table 10: Soil Erosion Reduction and Sequestered Carbon from Conservation Tillage 
Scenarios Acres of Land to be 
Treated 
( million acres) 
Reduced Soil Erosion 
(million tons/year) 
Sequestered Carbon 
(million tons/year) 
     Low High Low High 
NCS1 N.A.  - - - - 
NCS3 N.A.  - - - - 
 
 
 
 
NCS8 
Convert 90% of 
Conventional 
Tillage CC and 
CS Acres to 
Conservation 
tillage 
 
7.66 
 
11.08 
 
20.83 
 
2.53 
 
2.53 
Convert 10% of 
Conventional 
Non-no-till CC 
and CS Acres to 
no-till 
 
1.62 
 
4.01 
 
4.93 
 
1.03 
 
1.31 
 Total 9.28 15.09 25.75 3.56 3.84 
 
Table 11: Monetary Value of Benefits from the Conservation tillage 
  Offsite Benefits 
from Reduced Soil 
Erosion 
($ ml/year) 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 
Total Benefits 
($ ml/year) Iowans’ share 
($ ml/year) 
Global Benefits 
($ ml/year) 
  Low High Low High Low High Low High 
NCS1 - - - - - - - - 
NCS3 - - - - - - - - 
NCS8 31.99 54.60 0.12 0.12 273.86 274.35 32.11 328.94 
Note: The lower and upper bound of the total benefits is calculated respectively including lower 
bound on Iowan’s share in GHG benefits and including upper bound on global GHG benefits. 
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Table 12: Reduced GHG Emission from MRTN, and Implied Benefits in $ 
Average Nitrogen 
application 
Reduced GHG emission by 
shifting to MRTN rate 
Value of Sequestered Carbon or 
Reduced GHG Emissions 
 Low: 
Applying 
IPCC(2006) 
Formula 
High: 
Applying 
Millar(2010) 
Formula 
Iowa’s Share 
($ ml/year) 
Global GHG 
Benefits 
($ ml/year) 
 Current  
Rate 
(lb/acre) 
Proposed 
MRTN 
(lb/acre) 
 
Mt-CO2 e/year 
 
Low High Low High 
CC 201 190 
 
262184 
 
1678299 
 
    
CS 151 133 1167170 4942465     
Total   1.17 ml 4.94 ml 0.04 0.15 83.41 353.19 
Method of Calculation 
We show the calculation of GHG benefits for switching to MRTN rate for CC adopting the 
numbers from Millar (2010). 
 
Carbon Emission under baseline: [(225.08*0.012*exp(0.00475*225.08))+1.47]*298*44/28= 
4372.61 Kg CO2 e/ha/year 
Carbon Emission under MRTN: [(190*0.012*exp(0.00475*190))+1.47]*298*44/28= 3321.05 Kg 
CO2 e/ha/year 
The GHG emission is reduced by (4372.61-3321.05 ) = 1051.56 Kg CO2 e/ha/year 
Total Corn-Corn Land in Iowa= 1596013 hector 
Total GHG emission reduction=(1596013*1051.56)/1000= 1678296.85 metric tons. 
IPCC’s linear formula is 1.47+(0.01*Fertilizer rate)*298*44/28.  
Note that Both linear and non-linear formula assumed 1.47 kgCO2 e/ha/year will be emitted under 
no nitrogen scenario. 
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Table 13: Weight assigned in construction of Water Quality Index 
Parameter Weight (adjusted) 
Dissolved Oxygen 0.3 
pH 0.2 
Total Phosphorus 0.18 
Total Nitrate 0.18 
Turbidity 0.14 
 
Table 14: Change in Water Quality and Iowan’s Willingness to Pay 
 Obs. Mean Std. Dev. Min Max 
Water Quality Index Before the 
Plan 
130 72.07 12.85 34.21 90.21 
Water Quality Index After the Plan 130 73.74 12.13 35.04 90.31 
Change in Water Quality 130 1.68 1.53 0.07 6.08 
WTP(Hedonic) 130 655.27 38.27 599.81 752.46 
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Table 15: Information Sources Used to Extract Count of Total Housing Units Near Lakes 
 Sources Total Number 
of Lakes 
Housing Units within 
Half mile 1 Mile 
a Parcel Data without property type information 3 2717 4936 
County Address Maps 68 16678 24644 
Parcel Data with property type info (Residential) 5 3516 8617 
Zillow and Google Maps 55 594 12396 
 Total 131 23505 50593 
b Missouri Census Data Center18 131 23462 49938 
 
Table 16: Compensating Variation in Iowa from Water Quality Improvement (in million $) 
Specification In million $ per year 
 NCS1 (42% less Nitrate 
and 30% less Phosphorus) 
NCS3 (42% less Nitrate 
and 50% less Phosphorus) 
NCS8 (42% less 
Nitrate and 29% 
less Phosphorus) 
Linear form 5.34 9.62 5.34 
Log form 13.89 22.44 12.7 
 
 
 
                                                 
18 Source is Missouri Census Data Center, http://mcdc.missouri.edu/websas/caps10c.html. We know the 
latitude and longitude of each lake. Providing this input on Missouri Census Data Center extracts 
information from the census on total counts of housing units within half mile and 1 mile radius from the 
lake border. 
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Table 17: Nitrate Level in Source Water and Probability of Treatment 
 I II III IV 
 Both River One River Both River One River Both River One River Both River One River 
Nitrate Level in DSM 
River 
0.684*** 0.591*** 0.268 0.165 0.352* 0.287 0.489** 0.500** 
(0.07) (0.06) (0.16) (0.16) (0.17) (0.16) [0.18] [0.17] 
Nitrate Level in Raccoon 
River 
-0.086*  -0.083  -0.089  0.007  
[-0.038]  [-0.078]  [-0.088]  [0.034]  
Lag of Nitrate Level in 
DSM River 
  0.418** 0.456** 0.484** 0.515**   
  [0.146] [0.151] [0.159] [0.158]   
Lag of Nitrate Level in 
Raccoon River 
  0.017  0.062    
  [0.077]  [0.091]    
Treated Water (DD + 
Reserve adjustment) 
0.045*** 0.045*** 0.044*** 0.044*** 0.092*** 0.093*** 0.037* 0.037* 
[0.009] [0.009] [0.009] [0.009] [0.015] [0.015] [0.018] [0.018] 
Producer Price Index 0.127*** 0.119*** 0.128*** 0.123*** 0.169*** 0.166*** 0.153 0.154 
[0.022] [0.024] [0.025] [0.028] [0.035] [0.036] [0.085] [0.084] 
McMullen Plant     -0.092* -0.092* -0.042 -0.042 
    [-0.036] [-0.036] [-0.066] [-0.065] 
Saylorville Plant     -0.249* -0.253* -0.366* -0.367* 
    [-0.126] [-0.123] [-0.156] [-0.156] 
1st Lag of Treatment 
Indicator (Yt-2) 
      8.236*** 8.284*** 
      [-1.063] [-1.067] 
2nd Lag of Treatment 
Indicator (Yt-2) 
      -5.724*** -5.777*** 
      [-1.098] [-1.096] 
3nd Lag of Treatment 
Indicator (Yt-3) 
      1.685** 1.687** 
      [-0.554] [-0.557] 
Constant term -26.95*** -25.84*** -27.25*** -26.57*** -35.34*** -34.93*** -29.42* -29.58* 
[-3.569] [-3.814] [-4.115] [-4.419] [-5.787] [-5.943] [-13.41] [-13.283] 
N 879 897 763 788 763 788 878 896 
Model Statistics 
pseudo R-square 0.70 0.70 0.69 0.69 0.72 0.73 0.95 0.95 
AIC 225.44 227.84 220.65 219.13 202.80 199.82 53.18 51.18 
Panel b: what will be the probability of treatment requirement in a certain day? 
 
Predicted Probability 
( In Sample) 
0.14 0.14 0.16 0.16 0.16 0.15 0.14 0.14 
Out Of Sample 
Prediction 
(40% Nitrate Reduction) 
0.005 0.005 0.005 0.005 0.001 0.001 0.070 0.068 
% Change -96.60 -96.74 -96.89 -96.99 -99.44 -99.46 -50.41 -50.90 
 
Updating Lag with initial Value at 0      0.000 0.000 
% Change       -99.99 -99.99 
 
Updating Lag with initial Value at mean=0.14     0.003 0.000 
% Change       -97.98 -99.98 
Note: Standard errors in brackets. Significance level can be read as * p<0.05, ** p<0.01, *** p<0.001. 
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Table 18: Estimated Cost Savings from Reduced Abatement Requirement of Nitrate 
 
 
Baseline Cost Scenarios 
Saving  In treatment Costs 
2013 
(73 Days) 
2014 
( 28 days) 
Average 
2012-2015 
(26 Days) 
$518000 $196000 $240722 
 
How the lag values were assessed 
while deriving change in probability 
of treatment requirement for nitrate 
% Change in Nitrate 
Treatment Requirement  
Saving  In treatment Cost compared to Baseline 
2013 2014 Average  of 
2013-2015 
Dynamic Model: Both River 
Realized value of lag -50.41 $257,573.36 $98,795.26 $91,738.46 
Update the lag initial value  at 0 -99.99 $510,932.07 $195,973.95 $181,975.81 
Update the lag initial value at (Mean 
=0.14) 
-97.98 $500,657.93 $192,033.18 $178,316.52 
Dynamic Model : Des Moines River Only 
Realized Value of Lag -50.90 $260,073.64 $99,754.27 $92,628.97 
Update the lag Initial value  at 0 -99.99 $510,928.84 $195,972.71 $181,974.66 
Update the lag initial value 
(Mean=0.14) 
-99.98 $510,921.47 $195,969.88 $181,972.03 
 
Table 19: Drinking Water Treatment Benefits from Nutrient Reduction 
 If Customers of 
DMWW (16% Iowans) 
are affected 
 
If 50% of Iowans are 
affected 
 
 Min Max Min Max 
Operational Cost 0.09 ml 0.51 ml 0.29 ml 1.6 ml 
Fixed Cost in $ 
(Equalized annual cost) 
0.14 ml 3.7 ml 0.44 ml 11.5 ml 
Annual Benefit in 2013 
$ 
0.24 ml 4.2 ml 0.73 ml 13.1 ml 
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Table 20: Breakdown of Total Benefits by Conservation Practices and Ecosystem Services 
(Carbon Benefits are Local) 
Categories NCS1 NCS3 NCS8 
  Low High Low High Low High 
Wetland 40.46 72.29 20.53 36.68 47.21 84.34 
Cover Crops 21.95 32.13 34.75 50.87   
Buffers     2.26 3.58 
Tillage     31.99 54.60 
Land Retirement        
MRTN 0.00 0.00 0.00 0.00 0.00 0.00 
Reduced Soil Erosion 62.41 104.42 55.29 87.55 81.46 142.52 
Wetland 2.87 7.16 1.46 3.63 3.35 8.36 
Cover Crops 0.00 0.00 0.00 0.00   
Buffers       
Tillage       
Land Retirement   82.89 82.89   
MRTN 0.00 0.00 0.00 0.00 0.00 0.00 
Recreation and Wildlife 2.87 7.16 84.35 86.53 3.35 8.36 
Wetland 0.01 0.01 0.01 0.01 0.01 0.01 
Cover Crops 0.64 0.65 1.02 1.02   
Buffers     0.01 0.01 
Tillage     0.12 0.12 
CRP   0.02 0.02 0.00 0.00 
MRTN 0.04 0.15 0.04 0.15 0.04 0.15 
Total Carbon Benefit 0.69 0.81 1.09 1.21 0.18 0.29 
Benefits from 40% reduction in Nitrate N and Phosphorus in Iowa’s Waterbodies 
Water Based Recreation  5.34 22.45 5.34 22.45 5.34 22.45 
Residential Amenity 16.50 35.40 16.50 35.40 16.50 35.40 
Drinking water Purification 0.24 13.10 0.24 13.10 0.24 13.10 
Total 88.06 183.34 162.81 246.24 107.08 222.12 
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Table 21: Breakdown of Total Benefits by Conservation Practices and Ecosystem Services 
(Carbon Benefits are Global) 
 
Categories NCS1 NCS3 NCS8 
  Low High Low High Low High 
Wetland 40.46 72.29 20.53 36.68 47.21 84.34 
Cover Crops 21.95 32.13 34.75 50.87   
Buffers     2.26 3.58 
Tillage     31.99 54.60 
Land Retirement       
MRTN 0.00 0.00 0.00 0.00 0.00 0.00 
Reduced Soil Erosion 62.41 104.42 55.29 87.55 81.46 142.52 
Wetland 2.87 7.16 1.46 3.63 3.35 8.36 
Cover Crops 0.00 0.00 0.00 0.00   
Buffers     0.00 0.00 
Tillage     0.00 0.00 
Land Retirement   82.89 82.89   
MRTN 0.00 0.00 0.00 0.00 0.00 0.00 
Recreation and Wildlife 2.87 7.16 84.35 86.53 3.35 8.36 
Wetland 23.23 23.41 27.10 27.31 27.10 27.31 
Cover Crops 1,501.28 1,508.85 2,377.03 2,389.01   
Buffers     25.55 25.80 
Tillage     273.86 274.35 
Land Retirement   53.61 53.77 0.00 0.00 
MRTN 83.41 353.19 83.41 353.19 83.41 353.19 
Total Carbon Benefit 1,607.92 1,885.45 2,541.15 2,823.28 409.92 680.65 
Benefits from 40% reduction in Nitrate N and Phosphorus in Iowa’s Waterbodies 
Water Based Recreation  5.34 22.45 5.34 22.45 5.34 22.45 
Residential Amenity 16.50 35.40 16.50 35.40 16.50 35.40 
Drinking water Purification 0.24 13.10 0.24 13.10 0.24 13.10 
Total 1,695.28 2,067.98 2,702.86 3,068.32 516.81 902.47 
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 Appendix 
Environmental Benefits from Wetland Construction 
Targeted wetlands in agricultural land will receive nitrate N and sediment load from 
catchment agricultural land that would otherwise go into streams, lakes and rivers. It will 
definitely improve water quality at Iowa and other downstream waterbodies. Besides water 
quality improvement, wetlands offer many environmental benefits including soil retention, 
wildlife habitat expansion, biodiversity reservoirs, aesthetic value, carbon sequestration, flood 
protection, groundwater recharge, and endangered species protection (Hansen et al., 2015; EPA, 
2014; Pattison, Boxall, and Adamowicz. 2011; Jenkins et al., 2010; and Euliss et al.,2006; and 
Brander et al., 2013 ).  Literature on assessment of the benefits from wetland in terms of 
groundwater recharge, biodiversity, and endangered species protection is limited.19 In contrast, 
there are documented benefits for water quality improvement, recreational and aesthetic value, 
carbon sequestration (Pattison, Boxall, and Adamowicz, 2011; Jenkins et al., 2010; Gleason, 
Laubhan and Euliss, 2008).  Performance of wetlands in terms of various ecosystem services 
vary spatially as wetlands vary by types, location and size. In a meta-analysis that considers 
wetlands only in agricultural landscape and includes three major regulating services- flood 
control, water supply, and nutrient removal, Brander et al(2013) reports that per acre wetland in 
the US generate a benefit of $604 per year. 
Since wetland provides nesting ground for bird population and improved habitat for fish 
population, recreationists get high quality hunting and fishing opportunities. The prairie Pothole 
Region (PPR) is renowned as the duck factory of the continent. Hansen et al. (2015), in their 
comprehensive study across the NRCS defined 10 wetland regions in the US, reports that each 
new wetland acre would add 27.5 adult ducks. Based on hunters’ willingness-to-pay estimates 
for improved hunting quality, the per acre annual benefits from duck hunting can go up to $139. 
                                                 
19 Although wetland is found to be associated with imperiled species protection, not study is 
found how wetlands increase their survival probability. 
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The flood control benefit of wetlands vary across regions. The high values have been observed 
mostly in the coastal region. As cited in Hansen et al., Costanza et al. (2008) finds a flood 
protection benefit of $29600 per acre per year, mostly in the coastal area, while similar benefits 
in the watersheds of North Dakota, estimated by Shultz and Leitch (2003), is found around $12-
$25 per acre per year. The living biota, both above and below ground, sequesters significant 
amount of carbon. Long term studies in the Prairie Pothole Region and Mississippi Alluvial 
Valley(MAV) regions report that wetland vegetation can sequester carbon at a rate of 1.56-1.77 
metric tons per acre per year(Euliss et al. 2006; US Fish and Wildlife Service, 2005; Gleason, 
2009). Hansen et al. (2015) review suggest that in the PPR region, a conservative carbon 
sequestration rate will be 0.95 metric tons/acre/year. However, the net GHG effects from wetland 
is contentious because some studies argued that additional carbon sequestered by the wetland 
might be offset by increased emission of two other GHG gases, methane and nitrous oxide.  
Although nitrous oxide release by wetland, which is mainly caused by the denitrification 
process used by wetland to convert nitrate into nitrous oxide, seems to be a concern, studies 
report minimal effect. The share of nitrous oxide in total nitrogen removed by wetland is only 
0.13-0.30 percent, and to put it in context, this numbers are similar to the estimated nitrous oxide 
release in the Midwest cropland (Crumpton et al., 2008; Ribaudo et al., 2011). Similar prediction 
is made about net emission of methane gas from wetland compared to existing cropland (Hansen 
et al., 2015). The overall net benefit from greenhouse gas mitigation is found positive, in the 
range of $0-$129 per wetland acre.   
In the Canadian part of the Prairie Pothole Region, Pattison, Boxall, and Adamowicz 
(2011) examined Manitobans’ willingness to pay for wetland restoration and retention adopting 
stated preference method. The study finds that the provincial population were willing to pay 
$550-$666 million or $296–$326/household/year for five ecosystem services- water quality, soil 
erosion reduction, carbon sequestration, flood control, to be derived from wetlands in Manitoba. 
Van Kooten et al. (2011) reemphasized the nonuse value of wetland arguing that besides the 
duck hunting values, ecosystem services from Canadian Prairie Pothole region wetlands and 
waterfowls exhibit high value to Canadian households.  
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Some wetland valuation studies have focused exclusively on Iowa or included some 
regions of Iowa. In the Middle Cedar River Watershed in Iowa, exploiting a benefits transfer 
method, Kocian, Traughber, and Batker(2012) finds that 34634 acres of wetlands offers 
ecosystem services of values in the range of $2629-$16798 per acre per year and the large 
portion of benefits coming from flood risk mitigation, recreational and aesthetic, water supply, 
and habitat restoration. Although the southern prairie pothole region, located mainly in Iowa, is 
not a good breeding place for waterfowls but the area is used extensively by waterfowls, which 
implies that wetlands in Iowa will be good hunting sites (Crumpton et al., 2012). Based on a 
Contingent Valuation Survey on 6600 Iowans including hunters, anglers as well as non-users 
general population, Azevedo, Herriges and Kling(2000) estimated average Iowan households 
willingness to pay for constructing wetlands that will offer wildlife habitat, flood protection, and 
recreation benefits. The study asked for respondents’ to bid for two wetland programs in Iowa, 
one was the prairie pothole project that would acquire 2500 acres of land each year over 15 years 
while the other program, Iowa Rive Corridor Project(IRCP) acquired 7000 acres of land to 
convert into wetland. The elicited median willingness to pay was in the range of $10-$25 which 
is to be paid in five equal installment in five years. 
The CREP wetlands in Iowa, which are mainly in agricultural landscape and similar to 
wetland designed in the nutrient reduction strategy, may give an indication on wetlands’ 
effectiveness in terms of various regulating services.  Based on Wildlife habitat Relational 
Model, Ottis et al. (2010) reports that the CREP wetlands in Iowa, will provide a habitat for 192 
wildlife species including amphibians, birds and reptiles. These wetlands will also serve as 
habitat for several wildlife which are already declared as species of greatest conservation needs. 
However, the nesting of bird population in agricultural wetland will largely depend on vegetation 
quality in the constructed wetland. Based on the evaluation of CREP wetlands, the new wetlands 
in agricultural landscape at Iowa are less likely to be effective in flood mitigation mainly because 
they will be of small size and during the time when flood occurs, the wetland will be filled with 
water (Crumpton et al., 2012). Based on the CRP and WRP data in the prairie pothole region of 
Iowa, Gleason, Laubhan and Euliss (2008) reported that the vegetative organic carbon, carbon 
sequestered by vegetative plants in wetland, will be in the range of 0.66-0.78 tons/acre/year. This 
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is an underestimate of total carbon sequestered by wetland since soil organic carbon is not 
included in the calculation.  
Constructed wetlands will reduce nitrate flow from agriculture to water bodies through 
plant uptake, microbial immobilization and enhanced denitrification, and soil storage (Ribaudo et 
al., 2011). Since most of the wetland under the nutrient reduction strategy will be converted from 
existing cropland, the net effect on nitrous oxide emission due to wetland will be negligible. The 
soil erosion decreases by 4.45 tons/acre/year from the restoration of wetlands from cropping 
practices in the PPR region of Iowa [Gleason et al. (2008)].  
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Benefits from Buffers Surrounding Agricultural Streams 
Buffers are very effective in reducing nitrogen from agricultural runoff and eroded soil. 
Buffers’ effectiveness usually depends on the size, types of vegetation, and hydrologic 
conditions within the buffer zone. Buffer is found to be very effective in trapping nitrate and 
phosphorus from agricultural runoff. Buffers remove nitrate mainly from shallow groundwater 
that interacts with active zone below the buffer. It suggest that in the tiled crop land, the 
effectiveness of buffer will be limited as water passing through the tile drainage will not come in 
contact with buffer’s root zone. As the NRS mentions, buffers will provide other environmental 
benefits including sediment trapping, reducing soil erosion, wildlife habitat by providing animal 
corridor, and stabilizing stream banks (Lovell and Sullivan, 2008). However, the extent of these 
benefits will depend on the width of the buffer and vegetation types in the buffer.  
Buffers intercept sediment by slowing down the surface runoff water velocity to help 
settle the sediment. Grassed riparian buffers are more successful in trapping sediments compared 
to forest buffers. In an experimental study, grassed buffers of width ranging between 14 to 28 
feet reduced sediment by 68-90%. Based on design, location and maintenance of buffers, it can 
reduce 50% of the sediment load (Helmers, 2008). Yuan et al(2002) found that edge of field 
vegetative buffers reduced sediment by 1.2 t/acre/year(4.5 to 3.7) in conventional tillage while 
0.6 t/acre/year(2.2 to 1.6) in the no-till crop land. Helmers et al. (2012) reports from a study in 
Iowa that during the heavy rain, buffers can trap 2.47 tons from the surrounding per acre of 
cropland and 1.6 tons/acre during the dry period.  
In an experimental study in Iowa, Gill. Cox and O’Neal (2014) observed that buffers 
consisting diverse plant communities that maintain floral resources at a continuous basis during 
the growth season attract beneficial insects that control herbivorous pests and help pollination. In 
the Middle Cedar River Watershed in Iowa, adopting a benefits transfer method, Kocian, 
Traughber, and Batker(2012)reports that 8813 acres of riparian buffers offer ecosystem services 
of values in the range of $4347-$7253 per acre per year and the large portion of benefits are 
attributed to flood mitigation, water supply, waste treatment, and habitat refugium and nursery. 
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Benefits from Land Retirement/ Conservation Reserve Program 
Land retirement programs remove marginal crop land from production into 
conservation covers such as prairie grasses, trees, and vegetative strips. The Conservation 
Reserve Program (CRP) enrolls approximately 27 million acres of land into voluntary 
conservation where farmers enter into a 10-15 years contract in return for a yearly rental 
payment. Land retirement provides a number of environmental benefits including improved 
   62 
 
 
 
soil quality,  reduced soil erosion, improved water quality, groundwater protection, 
preservation and expansion of wildlife habitat, biodiversity, and carbon 
sequestration[Feather, Hellerstein, and Hansen, 1999; Sullivan et al., 2004; Hansen, 2007].  
At the beginning of the CRP program, the key environmental benefit considered was soil 
erosion, which offers both onsite and offsite benefits (Wu and Weber, 2012). Reduced soil 
erosion improves soil health and soil quality which will increase future yield using less input. 
The offsite benefits will arise in the form of cost savings due to reduced requirement of dredging, 
dust related damage reduction, municipal and industrial water treatment etc. According to FSA, 
in 2010, 31.3 million acres of land enrolled in the CRP program reduced wind and water-induced 
soil erosion by 220 million tons (approximately 7 tons per CRP acre per year). Modifying and 
updating several USDA studies [Ribaudo (1990), Feather, Hellerstein, and Hansen(1999);  
Sullivan et al. (2004), and Hansen(2006)], Hansen(2007)  provided USDA farm production 
region specific estimates of CRP impact on soil erosion and resulting benefits in $ term. CRP 
contributes to reducing soil erosion by 222-248 million tons across the regions. In the Corn Belt 
region, CRP acres reduced yearly wind erosion by 1 million ton and water erosion by 31.2-31.8 
million tons. This reduced erosion is translated into $32.87ml of onsite soil productivity benefit, 
$119ml of water quality benefit, $151ml of offsite soil conservation benefits, and $249ml of 
wildlife view, recreation, and hunting benefits(in 2000 US$).  
Most of the ecosystem benefits from CRP, almost 62% of the total, is derived from 
wildlife. CRP acres create opportunities for wildlife centric recreational activities including 
hunting, birdwatching, cycling, photography, and hiking.20  According to Hansen (2007), yearly 
                                                 
20 The CRP land comprising tress, prairie grasses, and wetland offers nesting covers, 
wintering habitat, and various plants and insect feed, which helped a number of bird population 
including duck, ringed-neck pheasants, grassland birds, neotropical migrant land birds, and 
northern bobwhite quail (Reynols et al., 1994; Feather, Hellerstein, and Hansen, 1999 ). For 
example, due to CRP the duck populations in the prairie pothole region increased by 2 million 
per year while the pheasant population increased by 13.5 million per year (FSA, 2010]. Please 
see https://www.fsa.usda.gov/Internet/FSA_File/united_states.pdf 
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wildlife benefits both, hunting and wildlife recreation, from an acre of CRP land in the Corn Belt 
is $72.71($52 in 1999 $ value).  However, this benefit estimates are at lower bound since it 
considers hunting benefits from pheasants only. However, other popular game birds including 
waterfowls that have also exhibited rise in number due to CRP are not considered due to lack of 
data. The plants, roots and biomass at CRP land sequesters carbon and regulate GHG emission. 
The CRP acres across the nation reduced GHG emission by 52 million metric tons 
[1.66mt/acre/year] of carbon dioxide equivalent (CO2) per year through sequestered carbon, and  
reduced fuel, fertilizer and energy use[FSA, 2010]. Integrating both EPIC and Apex model, in a 
simulation based study across the nation, FAPRI (2007) reports 0.67tons/acre/year carbon 
sequestration from CRP acres. In the UMRB, the 2.8 million acres of land under CRP general 
signup, reduced sheet and rill erosion by 3.5 tons/acre/year. The CRP acres in the UMRB 
reduced yearly carbon dioxide emission at an average rate of 0.68 ton per acre of conservation 
cover.  
 For benefits transfer exercise, we rely on the conservative estimates from the following 
local studies. Gleason et al. (2008) reported that soil erosion decreases by 4.5 tons/acre/year due 
to CRP conversion of cropland in the PPR region of Iowa. The same study estimated carbon 
sequestration benefits of 0.66-0.78 tons/acre/year in the CRP acres at PPR region of Iowa. In a 
study based on states along the UMRB, Gonzalez-Ramirez (2014) reports that yearly carbon 
sequestration rate is 0.58 ton/acre in retired land in Iowa. 
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Maximum Return to Nitrogen Rate (MRTN) and Potential Benefits 
Maximum Return to Nitrogen Rate (MRTN) is the rate of nitrogen (N) application that 
maximizes the profit from crop production. MRTN rate and yield maximizing N rate are usually 
not the same. The relationship between N, nitrous oxide and corn yield is such that above the 
MRTN rate, N application does not increase yield, but nitrous oxide emission sharply increases 
(Hoben et al., 2011). The calculation of optimal rate of N takes into account other N sources 
available. The nitrification inhibitor with all fall commercial N mainly slows down the release of 
nitrogen in the field. The most typical form of N used in Iowa are anhydrous ammonia and liquid 
nitrogen fertilizer such as urea ammonium nitrate (NRS, 2013).  
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Application of reduced N following a MRTN rate implies reduced NO2 emission. 
However, studies do not provide a consistent picture on the effectiveness of any particular 
method of fertilizer application on nitrous oxide emission (Liu et al., 2006; Drury, 2006). 
Estimates based on N Loss and Environmental Assessment Package with GIS (NLEP-GIS) 
capabilities model show that reduced application of N on corn reduces the losses of nitrate, 
nitrous oxide, and ammonia. Direct nitrous oxide emission from cornfields in Iowa is on average 
1.93% of the total nitrogen applied, with a range of 1.66% in the northwest cropping district to 
2.25% in the north-central cropping district (Jarecki, Hatfield and Barbour, 2015). The MRTN 
induced reduction in nitrogen fertilizer application of 28000 tons/year under the NRS is 
translated into 465 to 630 tons of reduced Nitrous oxide emission in the atmosphere. Most of 
Iowa’s soil contain 10000 lbs of nitrogen/acre in organic matter. If nitrogen applied in excess of 
crop need, nitrous oxide emission will increase nonlinearly (Ma et al., 2010). Millar et al.(2010) 
provided reduced GHG benefits from 15% reduction in N application in several field trials- in 
the CC system the potential benefit is 0.7 tons CO2/ha/yr while in the CS system this benefit is 
0.6 tons CO2/ha/yr. In Michigan, McSwiney and Robertson (2005) reported that 2-7% of each 
additional Kg of nitrogen above the threshold level of 101kg N/ha is lost in the atmosphere, 
which is equivalent to 0.31 tons of CO2/ha/yr.  
Based on various studies, the Intergovernmental Panel on Climate Change (IPCC) 
assumed a linear relationship between nitrogen application and nitrous oxide emission IPCC 
suggests a default emission factor of 1%- for every 1 unit of nitrogen fertilizer applied in field, 
0.01 unit is converted into nitrous oxide.  However, the relationship varies widely across sites 
and crops. A number of studies (Hoben et al. 2011; Ma et al., 2010; McSwiney and Robertson, 
2005) based on field experimental data report that the relationship is exponential as nitrous oxide 
emission increases at an increasing rate if nitrogen application rate exceeds the MRTN rate. The 
emission factor ranged between 0.6%-1.5% in Hoben’s study which is lower than the range of 2-
7% reported by McSwiney and Robertson (2005). According to that study’s implication, if Iowa 
farmers applied MRTN rate for corn in the corn-soybean rotation, the nitrous oxide emission will 
be 0.4 lb/acre/year while corn-corn rotation( assuming the shift from 201 lb/acre to 190 lb/acre, 
the release will be 0.2 lb/acre/year.  
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Table: GHG Benefits from reduced Nitrogen Application by adopting MRTN in Iowa. 
 Applying Millar’s(2010) Formula  Applying IPCC(2006) 
Formula 
 Reduced GHG emission by shifting to 
MRTN rate 
Reduced GHG emission by 
shifting to MRTN rate 
 Current 
Average 
Nitrogen 
application 
kg/ha 
(lb/acre) 
Proposed 
Average 
MRTN 
Nitrogen 
applicatio
n kg/ha 
(lb/acre) 
 
 
 
Kg CO2 e/ha/year 
 
 
 
Mt CO2 e/year 
  
 
 
Mt-CO2 e/year 
CC 225.08 
(201) 
190 
(212.76) 
1051.56 
 
1678296.85 
 
164.27 
 
262184.443 
 
CS 169.09 
(151) 
133 
(148.94) 
715.66 
 
4942464.93 
 
169.00 
 
1167169.82 
 
 
Method 
We show the calculation for switching from MRTN rate for CC adopting Millar (2010). 
Carbon Emission under baseline: [(225.08*0.012*exp(0.00475*225.08))+1.47]*298*44/28= 
4372.61 Kg CO2 e/ha/year 
Carbon Emission under MRTN: [(190*0.012*exp(0.00475*190))+1.47]*298*44/28= 3321.05 
Kg CO2 e/ha/year 
The GHG emission is reduced by (4372.61-3321.05 ) = 1051.56 Kg CO2 e/ha/year 
Total Corn-Corn Land in Iowa= 1596013 hector 
Total GHG emission reduction=(1596013*1051.56)/1000= 1678296.85 metric tons. 
IPCC’s linear formula is 1.47+(0.01*Fertilizer rate)*298*44/28.  
Note that Both linear and non-linear formula assumed 1.47 kgCO2 e/ha/year will be emitted 
under no nitrogen scenario. 
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Benefits from Cover Crops 
Cover crops protect farm field from a bare surface by providing vegetative cover during the time 
period between two crop seasons, usually between harvest in the fall and planting of cash crops 
in the following spring. Cover crops recycle nutrients, take up excessive nitrogen and water from 
the field which would otherwise end up as agricultural runoff in waterbodies nearby (Tonitto et 
al. 2006; Snapp et al. 2005). Iowa nutrient reduction strategy includes cover crop as one of the 
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major agricultural conservation practice due to its high effectiveness in reducing nitrate load off 
the field.  
Cover crops offer a large number of agronomic and environmental benefits. Schipanski et al. 
(2014), based on a study in Pennsylvania, reported at least eight such ecosystem benefits from 
planting cover crops between cash crops. Several other studies identified a number of benefits as 
well, including soil erosion control, reduced runoff and transported pollutants, soil carbon 
storage, increased nitrogen supply to the soil and thus work as “green manure”, reduced nitrate 
leaching, beneficial insect conservation, weed suppression, wildlife habitat improvement, and 
biomass production [Dabney, Delgado, and Reeves, 2000; Fageria et al., 2005; Schipanski et al., 
2014]. While evaluating the EQUIP program, NRCS(2006) reports that an acre of cover crops 
generate approximately $7 of total benefit out of which approximately $5 is social benefits from 
water quality improvement.  
 By providing living cover to the top soil, cover crops save the soil from direct wind and raindrop 
impact, which helps to retain topsoil in the field. Besides reducing soil erosion, cover crops 
improve soil health by increasing water infiltration and soil organic matter, conserving soil 
water, reducing soil compaction. During the recent drought in Iowa, farmland with cover crops 
exhibited higher yield compared to non-cover crop land. In a study based on Central Iowa, it is 
found that a rye cover crop can increase soil organic matter by 0.5% in the top four inches, which 
implies a 0.5% increase in water in the soil and 11kg/ha of mineralized soil[Kasper et al.(2001)]. 
Kasper et al. also reports that winter hardy cover crops, such as rye and oats, can reduce interrill 
erosion by 55%  and rill erosion by 89%, for no till corn soybean system, the erosion reduction 
was 0.9 tons/acre while the estimate for  no-till CC system was 2.9 tons/acre. In Pennsylvania, 
Schipanski et al. (2014) reported cover crops contributed to a reduction in soil erosion of 0.89 
tons per acre per year. 
Cover crops increase soil organic carbon by retaining top soil, and from decomposition of cover 
crop plant biomass into the soil. From a review of 31 studies in the US, Eagle et al.(2012) reports 
that winter cover crop sequester soil organic carbon at an yearly average rate of 0.52 tons per 
   69 
 
 
 
acre, within the range of -0.04-1.3 tons per acre. In Iowa, Gonzalez-Ramirez et al. (2014) reports 
that cover crops sequester carbon at the rate of 0.99 tons per acre per year. Schipanski et 
al.(2014) reported the similar rate in  Pennsylvania to be 1.24 tons per acre per year. 
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Benefits from Reduced Tillage System 
Conservation tillage is a widely adopted practice across the farms. A typical tillage 
system for a corn-soybean rotation leaves 20% residue cover after corn planting and 40% residue 
after soybean planting while conservation tillage typically assumes 30% residue is left over the 
field. Conventional tillage practice disturbs the soil surface and expose the topsoil to raindrop 
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impact, which accelerate erosion and sediment loss. The conventional tillage system plows the 
entire field surface leaving less than 15% of crop residue to cover the soil surface while 
conservation tillage involves reduced plowing and leaves more crop residue (more than 30%) to 
cover and protect the soil [Xu, Pang and Landis(2015)]. Adoption of conservation tillage offers a 
number of benefits including improved soil quality and health, manage soil moisture, and plant 
health, reduce wind and water driven soil erosion, reduce sediment loss and sediment transported 
pollutant, provide winter wildlife habitat, reduce carbon loss from the soil and sequester carbon 
and control improve water quality (Duke et al., 2012; Baylis et al., 2002; Uri et al., 2000, Zhou 
et al., 2009).  
Conservation tillage leaves more residue on the ground, which improves soil quality by 
increasing the water infiltration, reducing water runoff from the field, increasing soil organic 
matter, and stabilizing soil temperature and compaction. Conservation tillage practices are very 
effective in retaining soil in the field. In an experimental field study based on the CS production 
system in Four Mile Creek watershed in eastern Iowa, Zhou et al.(2009) compared soil erosion 
rate for three different tillage systems, which implies that switching from  conventional  tillage to 
conservation tillage and no-tillage system would reduce soil erosion by 2.1 tons and 8.1 tons per 
acre per year. In another study, including one representative site from each of the 8 MLRAs to 
capture differences in soil quality across Iowa, Zhou, Al-Kaisi, and Helmers (2009) finds that 
adopting strip-tillage practice (conservation tillage) would reduce sediment yield by 6.08 tons 
per acre per year respectively compared to a chisel plow(conventional tillage). However, soil 
erosion reduced by only 0.66 tons per acre per year for switching to no tillage from chisel plow. 
The estimates based on CS system are conservative since in continuous corn system the 
conventional tillage system exhibits higher erosion reduction compared to a CS system 
(Mallarino, 2012). 
Tillage practices disturb the soil organic carbon in the top layer, increase the rate of 
biomass decomposition and mineralization, which results in increased carbon emission in the 
atmosphere while the crop residues left on the ground under conservation and no-till system 
increase soil organic carbon by retaining more topsoil on the ground, decreasing the 
decomposition of soil organic matter and reduced oxidization of soil organic carbon [Xu, Pang 
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and Landis (2015)]. The US department of energy reports that the change from conventional 
tillage to conservation tillage will sequester 31 kg C/ha/year at the top 30 cm layer of agricultural 
soil. In the corn belt region, the no-tillage practice sequesters 0.64 metric tons more carbon per 
acre per year compared to a conventional system, while the margin is 0.33 metric tons higher for 
switching from conventional to conservational tillage (USDA, 2010). In a long term(20 years) 
field experiment based on Illinois, where soil organic carbon is measured in the top 75 
centimeters of soil depth, Olson (2010) noticed that each acre of no-till practice sequesters 0.19 
tons more carbon per year compared to a conventional moldboard plowing system. In the first 0-
15 centimeter depth, the sequestration rate is around 0.2 ton per acre per year. In Iowa, 
Gonzalez-Ramirez (2014) reports that no-till practice sequester carbon at the rate of 0.81 tons per 
acre per year compared to non-no till practice under the baseline scenario. 
Studies on other benefits of tillage practices, such as wildlife habitat for birds and small 
mammals, flood control etc. are not found. However, in a choice experiment conducted in 
Delaware, which might include all such benefits, Duke et al. (2012) reports that household’s 
yearly average benefit from adopting no-till practice on 1220 acres of land was $33.80 that could 
increase up to $73.40 if the conservation practices were expanded to 2100 acres.  
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